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Abstract
Background: Psychological stress appears to contribute to poor oral health systemically in combination with other
chronic diseases. Few studies directly examine this relationship.
Methods: Data from a cross-sectional study of 2,412 participants between the ages of 25–64 years old living in
the City of Toronto between 2009 and 2012 were used to examine the relationship between current stress and
two self-rated oral health outcomes (general oral health and oral pain). Dental care utilization and access to
dental insurance were examined as effect modifiers.
Results: A positive relationship between current stress and poor oral health was observed for both outcomes
(oral pain coefficient 0.32, 95 % CI 0.26–0.38; general oral health coefficient 0.28, 95 % CI 0.19–0.36). Effects on
oral pain were stronger for the uninsured, while effects on general oral health were stronger with decreasing
socioeconomic position.
Conclusions: Our findings suggest that individuals with greater perceived stress also report poorer oral health,
and that this relationship is modified by dental insurance and socioeconomic position. These findings warrant a
greater focus on the role of psychological stress in the development of oral disease, including how perceived
stress contributes to health inequities in self-reported oral health status. Patients experiencing stressful lives may
differentially require closer monitoring and more vigilant maintenance of their oral health, above and beyond that
which is needed to achieve a state of health in the oral environment of less stressed individuals. There may be
health promoting effects of addressing psychosocial concerns related to dental care - particularly for the poor
and uninsured.
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Background
In the absence of policy changes to fully include dental
health services in the Ontario Health Insurance Plan
(OHIP), or through other social welfare programs, (such
as Healthy Smiles Ontario) [1], more effective approaches
to prevention are needed to maintain oral health status in
some populations and to improve status in the general
population. Whereas policy strategies to improve oral
health in the population have traditionally targeted beha-
vior change at the individual level by promoting brushing
and flossing practices [2], more research is needed to
understand the more distal and structural determinants of
oral health.
The prevalence of poor dental health outcomes is usually
markedly increased in populations of lower socio-economic
position relative to those of higher socio-economic position,
even after accounting for differences in access to care [3].
This has inspired growing interest in understanding the
role of psychosocial factors in the development of dimi-
nished oral health status [4], including chronic stress
(e.g., [5–8]).
A systemic view of oral health and stress
In fact, poor oral health has long been theorized to cause
the dysfunction of other critical physiologic systems [9]. A
growing body of evidence has come to support the exist-
ence of such an “oral-systemic” relationship [10–12]. This
relationship has been demonstrated for some diseases
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more so than others, including respiratory infections, osteo-
porosis, childhood obesity, cardiovascular disease, and type
II diabetes [13–16]. A shared impetus for the development
of both oral and systemic disease may be the presence of
stress. As a common risk factor for both diseases of the
oral cavity as well as for non-communicable diseases (e.g.
cancer, cardiovascular disease, diabetes, and respiratory
disease), the minimization of stress has become an integral
component of novel systemic healthcare promotion tech-
niques, such as the common risk factor approach [17].
Chronic stress is likely to contribute to the progressive,
long-term development of oral disease through at least
two distinguishable pathways. First, stress can motivate
individuals to cope in unhealthy ways that foster oral
disease (e.g., substance use, including illicit drugs, alcohol
and tobacco, poor diet, and sedentary behavior). Second,
chronic stress contributes to high allostatic load that can
lead to the dysfunction of physiological systems critical to
homeostasis, and thus, affect the underlying mechanisms
of disease progression, more generally [18].
Our conceptual framework is described below and in
Fig. 1, and many elements are elaborated on in Shankardass
[18]. While stress is a concern of an array of disciplines,
including psychology, sociology, psychoneuroimmunology,
we adopt a transdisciplinary approach to defining chronic
stress based on the stress process paradigm of Pearlin et al.
[19]. They conceptualized stress as a process “in which
demands strain on an individual’s ability to adapt -
physiologically and emotionally - with implications for
physiological and behavioural pathways” [19].
Individuals may experience potential sources of current
stress, including people (such as children in the case of
parents), places (such as densely populated intersections),
and things (such as a paucity of money, food, and shelter).
Typically, stressors can be categorized into one of four
types: major life events (such as a death in the family),
ambient strains (such as a concern for safety in the neigh-
bourhood you live in), role strains (such as stress related
to workplace hierarchy), and quotidian nature strains
(stresses that result from activities of a repeated nature,
such as a daily commute to work) [19].
Some factors may mediate whether or not the expe-
rience of stress currently translates into more chronic
stress over time (manifestations), including whether or
not they perceive certain stressors as threatening, and if
so, manageable given resources at hand [19]. Then, where
perceived current stress occurs, the coping behaviours
used to deal with stressors mediate whether chronic stress
manifests and harms oral health and general well-being in
two main ways. First, if stressors associated with perceived
current stress are not coped with in an effective manner,
then chronic stress is more likely to occur. Allostatic load,
a cumulative physiological impact of chronic stress, has
been associated with periodontal disease [20], and some
evidence indicates that this occurs due to increased in-
flammation [21]. However, the precise causal mechanisms
remain somewhat unclear [22]. Second, regardless of how
effective coping behaviours are, they may manifest as
habits that are either healthy (e.g., exercise and relaxation,
problem solving) or unhealthy (e.g., tobacco, alcohol and
Fig. 1 Conceptual framework of causal and moderating pathways linking the stress process to oral health practices and outcomes. Boxes indicate
factors involved in the stress process (i.e., sources, mediators and manifestations). Straight lines indicate main causal relationships of interest. Circle
with dashed line indicates a moderating effect of oral health practices
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other drug use, poor oral maintenance) with respect to
oral disease.
In this analysis we consider the general salience of our
framework by investigating whether or not the perception
of current stress is associated with self-reported poor oral
health status among residents of Toronto, Ontario’s most
populous city. We also examine whether this relationship is
moderated by dental insurance and dental care utilization,
since having greater access to oral health care (e.g., because
of dental insurance or as reflected by actual visits to the
dentist) may help to buffer the impact of chronic stress on
poor oral health and other social and health outcomes.
Methods
Study design and instruments
We conducted a secondary analysis of the cross-sectional
Neighbourhood Effects on Health and Well-Being (NEHW)
study. The Research Board at St. Michael’s Hospital in
Toronto, Canada provided ethics approval for this study.
All participants provided written informed consent at the
time of their interview and were compensated $50 for their
participation. As described elsewhere in more detail, a three
stage sampling strategy was employed to randomly sample
households within a random sample of census tracts and
neighbourhood planning areas in the City of Toronto [23].
Participants of the study were recruited between 2009
and 2012. Participants were eligible for the study if they
were able to communicate in English, were between the
ages of 25–64 years old, lived in their neighbourhood
for at least 6 months, and were a resident of the home.
Further details on study procedures can be obtained
elsewhere [23].
The NEHW study collected data on neighbourhood
and individual level factors that promote or diminish
mental health using same-room face-to-face surveys in a
total of 2,412 participants (response rate of 72 %; [24])
living in a random sample of 47 neighbourhoods through-
out Toronto [23]. The survey included two self-rated oral
health questions utilized as dependent variables in this
analysis. General oral health was assessed using the ques-
tion, “In general, would you say the health of your teeth
and mouth is…?” (5-point Likert scale from 1 = “excellent”
to 5 = “poor” health), while oral pain was assessed using
the question, “In the past month, how often have you had
any pain or discomfort in your teeth or gums? (4-point
Likert scale from 1 = “often” to 4 = “never”). Therefore,
higher scores indicate poorer oral health for both out-
comes. Although not a direct measure of oral disease (see:
[25]), self-reported oral health has been associated with
greater chronic stress, depressive symptoms, and material
hardship [26], so we expected it to be sensitive to per-
ceived current stress.
Recency of dental care utilization was assessed using the
question, “How long has it been since your last dentist
visit?” (<1 year, 1- < 2 year, 2+ years), and access to dental
insurance was assessed using the question, “Do you have
insurance that covers all or part of your dental expenses?”
(yes versus no).
Data were also available for several stress items, inclu-
ding some items from the Cumulative Adversity Interview
(CAI) [27]. Higher levels of subjective stress based on
the CAI have been associated with smaller grey matter
volumes in parts of the brain [27]. Three items from the
CAI were used in this study to capture a general index of
whether or not participants perceived their lives as gene-
rally stressful at the time of the study (i.e., currently):
“You’re trying to take on too many things at once”, “There
is too much pressure on you to be like other people”,
“Too much is expected of you by others”. We viewed the
first item as indicating personal or work-related stress,
and the other two as indicators of social stress. Each
item was rated on a 3-point Likert scale (0 = “Not true”,
1 = “Somewhat true”, 2 = “Very true”) and an index was
calculated by taking the average of the three items.
Although this index has not been previously validated,
we viewed it as measuring the level that participants
perceived their lives as generally stressful at the time
of the study (i.e., currently).
Other questions included in this analysis are age (years),
sex (male or female), total household income (>$10,000,
$10,000–$14,999, $15,000–$19,999, $20,000–$29,999,
$30,000–$39,999, $40,000–$49,999, $50,000–$74,999,
>$75,000), current employment status (indicator of any
current employment), immigration status (Canadian born,
immigrated ≤10 years ago, immigrated >10 years ago), high
educational attainment (indicator of education beyond high
school diploma). We also identified participants who were
foreign born immigrants to Canada, i.e., not including those
who were citizens through birth or parental descent. To
parsimoniously test for the effect of these factors as con-
founders and moderators of the relationship between stress
and oral health, an index of socioeconomic position was
constructed by summing three indicator variables for high
educational attainment, current employment, and high total
household income (i.e., greater than or equal to $30,000);
this resulted in an index with possible values ranging from
0 to 3.
Data analysis
The crude and adjusted associations between perceived
current stress and poor oral health outcomes were exam-
ined using univariate and multivariate linear regression
models, respectively. All analyses were performed using
IBM SPSS Statistics 22. The selection of confounders
began with the use of theory to identify a list of candi-
dates, including age, sex, socioeconomic position, foreign
born, immigrant status, recency of dental care utilization
and presence of dental insurance. Potential confounders
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were deemed appropriate for inclusion in the model build-
ing process if there was a statistically significant associ-
ation with the oral health outcomes (alpha = 0.05). The
final model was developed using a forward stepwise
process using a cut-off for inclusion of a 10 % change in
the coefficient for stress.
Moderation of the relationship between stress and oral
health was examined by testing for statistical significance
of multiplicative interaction terms in the final models.
Given the exploratory nature of this analysis, we adopted
a relatively broad alpha level for these tests of 0.10. Fac-
tors examined as potential moderators included age, sex,
socioeconomic position, foreign born immigrant status,
recency of dental care utilization and presence of dental
insurance.
The assumption of a linear effect of stress on oral
health status was tested by including dummy variables
for quarter-point increase in the perceived current stress
index (i.e., allowing a non-linear relationship to take
shape). Plots of these models compared to a line of best
fit (i.e., linear trend) did not indicate deviation from a
linear trend (data not shown), and adjusted R-square
values were also largely similar when the effect of stress
was modeled as an exponential or cubic factor compared
with linear models (data not shown).
Both rudimentary (via visual inspections of lines of
best fit) and statistical (via R-square values) assessments
of linearity were performed in an effort to detect
whether the assumption of linearity was appropriate for
the relationship between perceived current stress and
oral health outcomes.
Sampling weights were derived previously [23] and uti-
lized in all analyses to correct for any selection biases by
comparing the distribution of sample characteristics
using 2006 Census data for the City of Toronto.
Results
Survey participants were 44 years of age on average
(standard deviation of 11 years) and 48 % were male
(Table 1). In general, participants were well educated
(77.2 % had more than a high school education), wealthy
(45.7 % had a total combined household income of
greater than $75,000), and employed (71.6 % were cur-
rently employed). Almost 40 % of participants were born
in Canada, while 15 % were recent immigrants and 46 %
were long-term immigrants. Of all immigrant partici-
pants, 38 % were of a minority race/ethnicity. Almost
65 % of participants had some dental care insurance,
while most participants (74 %) had visited the dentist
within the previous year.
The crude association between perceived stress and
both perceived oral pain and perceived general oral
health yielded similar positive and statistically significant
(α = 0.05) beta coefficients (0.33 and 0.31, respectively)
[Table 2, Model 1]. Age and sex were identified as con-
founders in the final model for both oral health outcomes,
while household income was also a confounder of general
oral health. While the effect of stress remained positive
and statistically significant after adjusting for confounders,
Table 1 Study participant characteristics
Characteristics n (%) Mean (SD)
Age (Years) 44.4 (10.7)
Male Sex 1163 (48.2)
Reports of Pain or Discomfort in
Teeth or Gums Over Past Month
(1–4; 1 = Never, 4 = Often)
1.6 (0.86)
General Health of Teeth and Mouth
(1–5; 1 = Excellent, 5 = Poor)
2.6 (1.1)
Perceived Current Stress Index
(average of a - c)
0.67 (0.55)
a. You are trying to take on too
many things at once
(0–2; 0 = Not True, 2 = Very True)
0.89 (0.74)
b. There is too much pressure
on you to be like other people
(0–2; 0 = Not True, 2 = Very True)
0.41 (0.65)
c. Too much is expected of you
by others (0–2; 0 = Not True,
2 = Very True)
0.69 (0.73)










Than High School Diploma?
(Yes vs No)
1859 (77.2)
Currently Employed? (Yes vs No) 2099 (87.2)
Socioeconomic Position Index? (0–3) 2.4 (0.79)
Citizenship Status
Canadian Born 947 (39.4)
Non-Recent Immigrant 1106 (46.0)
Recent Immigrant
(≤10 Years in Canada)
351 (14.6)
Has Dental Insurance That Covers
All or Part of Dental Expenses? (Yes vs No)
1549 (64.3)
Length Of Time Since Last Visit
to the Dentist?
<1 Year Ago 1782 (74.0)
1–2 Years Ago 318 (13.2)
>2 Years Ago 308 (12.8)
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the coefficient was reduced by 10 % in the case of general
oral health; whereas the effect on oral pain was relatively
stable (3 % reduction) [Table 2, Model 2].
Table 3 examines whether the effect of the perceived
current stress index was driven by any particular item.
Coefficients for personal/work stress items were generally
weaker than those for social stress.
There was a statistically significant interaction between
perceived current stress and dental insurance on oral pain
(p = 0.09), where the effect of perceived current stress was
slightly stronger for participants without dental insurance
compared to the insured. Figure 2 describes the predicted
levels of oral pain across levels of perceived current stress
for insured and uninsured 44 year-old females who have a
total household income of $40,000-$49,999. This model
predicted a difference in oral pain of 0.31 where these
insured and uninsured individuals are experiencing high
perceived current stress.
We also observed a statistically significant interaction
between perceived current stress and socioeconomic
position on oral pain (p = 0.06), where the effect of per-
ceived current stress was stronger for participants of lower
socioeconomic position. Figure 3 describes the predicted
levels of oral pain across levels of perceived current oral
stress for participants across four levels of socioeconomic
position who are 44 year-old females with a total house-
hold income of $40,000–$49,999. This model predicted a
difference in oral pain of 0.64 between individuals expe-
riencing high perceived current stress with highest and
lowest socioeconomic position.
Discussion
We found that Toronto participants who reported greater
perceived current stress in their lives also self-reported
progressively poorer oral health and greater oral pain com-
pared to those with lesser stress. The association with oral
pain is novel, while our findings generally support other
studies indicating a positive association between stress and
poor oral health. Segura and Sheiham (1992) found a posi-
tive association between work-related demands and peri-
odontal illness indicated by bleeding or pockets in a clinical
exam [5]. Finlayson et al (2010) found positive associations
between chronic stress and poorer self-rated oral health
[26]; as did Armfield et al (2013), including a positive
significant associated between chronic stress and untreated
decayed teeth [8]. These findings indicate the salience of
our framework linking perceived current stress to chronic
disease, including oral disease (Fig. 1).
Some other studies have not observed associations
between measures of stress and poor oral health (e.g., [7]).
One explanation for inconsistent findings is that studies
about stress are not properly accounting for the stress
process and potential moderators of effects on oral health
in the analysis of data. For example, associations observed
in the study by Armfield et al (2013) were diminished in
size and rendered non-significant in the case of untreated
decayed teeth when models were adjusted for oral main-
tenance behaviours (i.e., tooth brushing) [8]. We argue
that such factors may be on the causal pathway (e.g., [6])
as part of the response to perceived stress, and therefore
should not be included in statistical models as potential
confounders of effects of stress on oral health. Dental care
utilization was also included as a confounder in that ana-
lysis and contributed to the diminished effect of stress on
poor oral health [8]; whereas our findings suggest that this
factor may actually moderate this association.
We were not able to clarify whether current stress (i.e.,
at the time of the study) reflected generally more stressful
lives, (i.e., chronic stress); nor could we measure much of
the inherent behavioural and physiological process that
ultimately contribute to oral disease pathology (as indi-
cated by Fig. 1). Future studies should test hypotheses that
involve more components of our framework, including
the efficacy and healthfulness of coping behaviours, the
experience of chronic stress and biomarkers of allostatic
Table 2 Coefficients for perceived current stress index with oral
health outcomes
Model 1 Model 2
Oral Health
Outcomes
Crude Current Stress Beta
Coefficient (95 % CI)
Adjusted Current Stress
and Oral Health Beta
Coefficient (95 % CI)
Pain or discomfort in
teeth or gums over
past month
0.33 (0.27–0.39) 0.32 (0.26–0.38)
General health of
teeth and mouth
0.31 (0.23–0.39) 0.28 (0.19–0.36)
Model 1 models the crude effect of the perceived current stress index. Model
2 is further adjusted age and sex for oral pain, and for age, sex and household
income for general oral health
Table 3 Comparison of coefficients for stress index components against oral health outcomes
You are trying to take on too many
things at once
There is too much pressure on you
to be like other people
Too much is expected of you
by others
Oral health outcomes Coefficient (95 % CI) Coefficient (95 % CI) Coefficient (95 % CI)
Pain or discomfort in teeth or gums over
past month
0.15 (0.10–0.19) 0.29 (0.22–0.32) 0.17 (0.13–0.22)
General health of teeth and mouth 0.13 (0.07–0.19) 0.17 (0.10–0.24) 0.19 (0.13–0.25)
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load, and comorbid chronic disease outcomes. While sub-
jective measures of stress are likely to be good indicators of
manifestations on health and well-being [27], future studies
should examine effects on a wider range of specific oral
disease end-points to help further clarify the precise mech-
anism that links stress to oral health.
The harmful effect of perceived current stress on oral
pain was more pronounced for participants without dental
insurance and of lower socioeconomic position. It is not
unexpected that dental insurance conditioned the rela-
tionship between perceived current stress and oral pain
since dental services are not publicly insured for residents
of Toronto under Canada’s Medicare program. This pat-
tern could indicate that those without insurance are not
receiving adequate dental care (i.e., have unmet needs); for
example, because they cannot afford to pay for service
out-of-pocket [28–31].
The moderating effect of socioeconomic position was
stronger than that observed for dental insurance. This
relative difference could be explained if individuals of lower
socioeconomic position experience a multitude of barriers
to health. For example, this population may experience: 1)
poorer access to adequate dental care given unemployment
or employment in a position with miserly health benefits
[32, 33]; 2) greater chronic stress and coping in ways that
are more damaging to their oral health (e.g., tobacco use,
alcohol use, consumption of junk food); and 3) greater risk
of other chronic diseases, which may impact oral disease
via the oral-systemic relationship.
In addition to water fluoridation, current preventative
measures for oral health rely largely on the agency of indi-
viduals to maintain oral health practices and on education
and early screening in clinical and other settings. For
example, the Toronto Public Health Unit implements free
dental screening in both public and non-public schools
for children from Junior Kindergarten to Grade 8, as well
as provides educational programs such as the Community
Oral Health Outreach Program in an effort to teach indi-
viduals about dental health and disease prevention stra-
tegies [33]. Our findings may motivate future studies to
investigate the impact of stress, dental insurance, and so-
cioeconomic position on dental health outcomes - if a
strong link is established, these current interventions are
unlikely to be sufficient to prevent oral disease. To the
extent that the relationships between stress, oral pain, den-
tal insurance and socioeconomic position are causal, stra-
tegies to improve prevention include greater promotion of
psychosocial health, broadened accessibility of dental care
and greater promotion of social (read: income) equality.
The apparent importance of psychosocial causes of oral
disease suggests that the Canadian status quo of excluding
dental care services from Medicare simply because the
causes of oral disease are easy to prevent (e.g., by large-
scale treatment interventions such as fluoridation, and
individuals practicing oral health promotion, such as brush-
ing and flossing) [32] is not defensible. Thus, efforts to
improve access to dental care as a way of buffering the
impact of stress on oral health may be needed; particularly
for the uninsured and those of lower socioeconomic pos-
ition. In lieu of the Federal Government requiring dental
care services to be insured under Medicare, other incen-
tives for dentists in Toronto, Ontario to provide affordable
care for the uninsured are needed. In addition, social
welfare programs could be introduced to broaden access to
dental services. For example, the Provincial Government
recently introduced the Healthy Smiles Ontario program
to provide dental insurance to children of lower income
families, and this program could be expanded to cover all
lower income Ontarians.
Our study participants were drawn from a random sam-
ple of neighbourhoods in Toronto, which strengthens the
generalizability of our findings to adults living in the city.
While psychological stress can be challenging to measure
accurately, our findings are based on an index based on
diverse types of stress, which strengthens the internal
validity of the findings. Our study was limited by its reli-
ance on self-reported measures of perceived oral health
and current stress, making the results subject to recall and
Fig. 2 Predicted oral pain by perceived current stress for levels of
dental insurance. Oral pain (1 – 4; 1 = Never, 4 = Often)
Fig. 3 Predicted oral pain by perceived current stress for levels of
socioeconomic position (SEP). Oral pain (1–4; 1 = Never, 4 = Often)
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social desirability biases. Our study was also limited by
cross-sectional data collection; although it could be argued
that poorer oral health status is not likely to lead parti-
cipants to report higher levels of the indicators used to
measure stress in this study. Still, in order to better under-
stand the mechanisms linking psychological stress to oral
disease, longitudinal study designs should be employed in
future studies.
Conclusions
Our findings suggest that individuals with greater perceived
stress also report poorer oral health, and that this relation-
ship is modified by dental insurance and socioeconomic
position. These findings may warrant greater attention be
paid to the role of psychological stress in the development
of oral disease, including as a cause of social inequalities in
oral health, and health inequity, more generally. More
research is needed to explain the relationship between
perceived current stress and oral health and to inform the
design of interventions for the uninsured and those disad-
vantaged in other ways.
Acknowledgements
We would like to acknowledge the Neighbourhood Effects on Health and
Well-Being study that was funded by the Canadian Institute for Health Research
Grant MOP-84439 and the Social Science and Health Research Council Grant
410-2007-1499.
Funding
Although this analysis was not supported by any funding sources, the NEHW
study was originally funded by the Canadian Institute for Health Research
grant MOP-84439 and the Social Science and Health Research Grant Council
grant 410-2007-1499.
Availability of data and materials
The Neighbourhood Effects on Health and Well-Being study has a process by
which interested investigators who would like to use the data for publication
can make a formal request. The formal request is reviewed by a study
committee, where as long as those particular analyses have not already
been untaken, data sharing may take place.
Authors’ contributions
AV participated in study design and led data analysis, and the writing of this
manuscript was part of his senior undergraduate thesis project. KS supervised
AV and participated in study design, data analysis, and the writing of the
manuscript. CQ and RN participated in the data analysis and writing of the
manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study has conducted a secondary data analysis of the cross-sectional
Neighbourhood Effects on Health and Well-Being (NEHW) study. The Research
Ethics Board at St. Michael’s Hospital in Toronto, Canada provided ethics
approval for this study. All participants provided written informed consent at
the time of their interview and were compensated $50 for their participation.
Author details
1Faculty of Dentistry, University of Toronto, Toronto, ON, Canada.
2Department of Health Sciences, Wilfrid Laurier University, 75 University Ave
West, Waterloo, ON N2L 3C5, Canada. 3Centre for Urban Health Solutions, Li
Ka Shing Knowledge Institute, St Michael’s Hospital, Toronto, ON, Canada.
4Dalla Lana School of Public Health, University of Toronto, Toronto, ON,
Canada.
Received: 15 March 2016 Accepted: 24 August 2016
References
1. Government of Ontario. Get dental care: How to receive government-
funded dental care. 2015. http://www.ontario.ca/page/get-dental-care.
Accessed 4 Sept 2015.
2. Graves R, Disney J, Stamm J. Comparative effectiveness of flossing and
brushing in reducing interproximal bleeding*. J Periodontol.
1989;60(5):243–7.
3. World Health Organization. World health organization oral health fact sheet.
2015. http://www.who.int/mediacentre/factsheets/fs318/en/index.html.
Accessed 6 Sept 2015.
4. Lencová E, Broukal Z, Dusková J. Psychosocial, behavioural and oral health
indicators–review of the literature. Prague Med Rep. 2006;107(3):305–16.
5. Segura Marcenes W, Sheiham A. The relationship between work stress and
oral health status. Soc Sci Med. 1992;35(12):1511–20.
6. Deinzer R, Granrath N, Spahl M, Linz S, Waschul B, Herforth A. Stress, oral health
behaviour and clinical outcome. Br J Health Psychol. 2005;10(2):269–83.
7. Wennström A, Boman UW, Ahlqwist M, Björkelund C, Hakeberg M.
Perceived mental stress in relation to oral health over time in middle-aged
Swedish women. Community Dent Health. 2015;32(4):241–6.
8. Armfield JM, Mejía GC, Jamieson LM. Socioeconomic and psychosocial
correlates of oral health. Int Dent J. 2013;63(4):202–9.
9. Hunter W. Oral sepsis as a cause of disease. Br Med J. 1900;2(2065):215–6.
10. Li X, Kolltveit KM, Tronstad L, Olsen I. Systemic diseases caused by oral
infection. Clin Microbiol Rev. 2000;13(4):547–58.
11. Barnett ML. The oral-systemic disease connection An update for the
practicing dentist. J Am Dent Assoc. 2006;137 suppl 2:5S–6S.
12. Bansal M, Rastogi S, Vineeth NS. Influence of periodontal disease on systemic
disease: inversion of a paradigm: a review. J Med Life. 2013;6(2):126.
13. U.S. National Institutes of Health. Chapter 5: Linkages with General Health.
US National Institutes of Health, National Institute of Dental and Craniofacial
Research. 2015. http://www.nidcr.nih.gov/datastatistics/surgeongeneral/sgr/
chap5.htm. Accessed 6 Sept 2015.
14. Rodrigues PH, Progulske-Fox A. Gene expression profile analysis of
Porphyromonas gingivalis during invasion of human coronary artery
endothelial cells. Infect Immun. 2005;73(9):6169–73.
15. Hahn CL, Schenkein HA, Tew JG. Endocarditis-associated oral streptococci
promote rapid differentiation of monocytes into mature dendritic cells.
Infect Immun. 2005;73(8):5015–21.
16. Beck JD, Eke P, Heiss G, Madianos P, Couper D, Lin D, Offenbacher S.
Periodontal disease and coronary heart disease a reappraisal of the
exposure. Circulation. 2005;112(1):19–24.
17. Sheiham A, Watt RG. The common risk factor approach: a rational
basis for promoting oral health. Community Dent Oral Epidemiol.
2000;28(6):399–406.
18. Shankardass K. Place-based stress and chronic disease: A systems view of
environmental determinants. In: O’Campo P, Dunn JR, editors. Rethinking
social epidemiology: towards a science of change. New York: Springer
Publishing Company; 2012. p. 117–8.
19. Pearlin LI, Menaghan EG, Lieberman MA, Mullan JT. The stress process.
J Health Soc Behav. 1981;22(4):337–56.
20. Sabbah W, Watt RG, Sheiham A, Tsakos G. Effects of allostatic load on the
social gradient in ischaemic heart disease and periodontal disease:
evidence from the Third National Health and Nutrition Examination Survey.
J Epidemiol Community Health. 2008;62(5):415–20.
21. Buchwald S, Kocher T, Biffar R, Harb A, Holtfreter B, Meisel P. Tooth loss and
periodontitis by socio‐economic status and inflammation in a longitudinal
population‐based study. J Clin Periodontol. 2013;40(3):203–11.
22. Gomaa N, Glogauer M, Tenenbaum H, Siddiqi A, Quiñonez C.
Social-Biological Interactions in Oral Disease: A ‘Cells to Society’ View.
PLoS One. 2016;11(1):e0146218.
23. O’Campo P, Wheaton B, Nisenbaum R, Glazier RH, Dunn JR, Chambers C.
The Neighbourhood Effects on Health and Well-being (NEHW) study.
Health Place. 2015;31:65–74.
Vasiliou et al. BMC Oral Health  (2016) 16:88 Page 7 of 8
24. Borenstein H, Renahy E, Quiñonez C, O’Campo P. Oral health, oral pain, and
visits to the dentist: neighborhood influences among a large diverse urban
sample of adults. J Urban Health. 2013;90(6):1064–78.
25. Locker D. Issues in measuring change in self-perceived oral health status.
Community Dent Oral Epidemiol. 1998;26(1):41. doi:10.1111/j.1600-0528.
1998.tb01923.x.
26. Finlayson TL, Williams DR, Siefert K, Jackson JS, Nowjack-Raymer R. Oral
health disparities and psychosocial correlates of self-rated oral health in the
National Survey of American Life. Am J Public Health. 2010;100(S1):S246–55.
27. Ansell EB, Rando K, Tuit K, Guarnaccia J, Sinha R. Cumulative adversity and
smaller gray matter volume in medial prefrontal, anterior cingulate, and
insula regions. Biol Psychiatry. 2012;72(1):57–64.
28. Ramraj C, Quiñonez C. Self‐reported cost‐prohibitive dental care needs
among Canadians. Int J Dent Hyg. 2013;11(2):115–20.
29. Thompson B, Cooney P, Lawrence H, Ravaghi V, Quiñonez C. Cost as a
barrier to accessing dental care: findings from a Canadian population‐based
study. J Public Health Dent. 2014;74(3):210–8.
30. Thompson B, Cooney P, Lawrence H, Ravaghi V, Quiñonez C. The potential
oral health impact of cost barriers to dental care: findings from a Canadian
population-based study. BMC Oral Health. 2014;14(1):78.
doi:10.1186/1472-6831-14-78.
31. Health Canada. Report On The findings Of The oral health component Of
The Canadian health measures survey 2007-2009. 1st ed. 2010. http://www.
fptdwg.ca/index_htm_files/CHMS-E-summ.pdf. Accessed 6 Sept 2015.
32. Quiñonez C. Why was dental care excluded from Canadian Medicare?
Network for Canadian Oral Health Services. 2013. http://ncohr-rcrsb.ca/
knowledge-sharing/working-paper-series/content/quinonez.pdf. Accessed 6
Sept 2015.
33. City of Toronto. Dental and oral health services - children and youth.
Www1torontoca. 2013. http://www1.toronto.ca/wps/portal/
contentonly?vgnextoid=29574485d1210410VgnVCM10000071d60f89RCRD
&vgnextfmt=default. Accessed 5 Sept 2015.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Vasiliou et al. BMC Oral Health  (2016) 16:88 Page 8 of 8
